We report the discovery of ten transiting extrasolar planets by the HATSouth survey. The planets range in mass from the Super-Neptune HATS-62b, with M p < 0.191 M J , to the Super-Jupiter HATS-66b, with M p = 5.47 M J , and in size from the Saturn HATS-69b, with R p = 0.94 R J , to the inflated Jupiter HATS-67b, with R p = 1.69 R J . The planets have orbital periods between 1.6092 days (HATS-67b) and 7.8180 days (HATS-61b). The hosts are dwarf stars with masses ranging from 0.89 M ⊙ (HATS-69) to 1.56 M ⊙ (HATS-64), and have apparent magnitudes between V = 12.276 ± 0.020 mag (HATS-68) and V = 14.095 ± 0.030 mag (HATS-66). The Super-Neptune HATS-62b is the least massive planet discovered to date with a radius larger than Jupiter. Based largely on the Gaia DR2 distances and broad-band photometry, we identify three systems as having possible unresolved binary star companions. We discuss in detail our methods for incorporating the Gaia DR2 observations into our modeling of the system parameters, and into our blend analysis procedures.
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INTRODUCTION
This paper is part of a series of papers presenting the discovery and characterization of transiting exoplanetary systems by the HATSouth survey . HATSouth is a wide-field groundbased photometric survey for transiting planets. Here we present the discovery, confirmation and characterization of ten new transiting planet systems by HATSouth. We number these systems as HATS-60 through HATS-69. The motivation for this work, and our methodology, have been discussed extensively elsewhere (e.g., Penev et al. 2013) . Other works in this series from the past year include Bayliss et al. (2018a) , Bento et al. (2018) , Brahm et al. (2018) , Henning et al. (2018) , and Sarkis et al. (2018) . Other currently active wide-field ground-based transit surveys include the following projects: WASP (Pollacco et al. 2006 ; recent discoveries include Demangeon et al. 2018 , Hodžić et al. 2018 , Lendl et al. 2018 , Barkaoui et al. 2018 , and Temple et al. 2018 ; HATNet (Bakos et al. 2004; Zhou et al. 2017 is the most recent published planet discovery); KELT (Pepper et al. 2007 ; recent discoveries include Siverd et al. 2018 , Johnson et al. 2018 , and Labadie-Bartz et al. 2018 ; The Qatar Exoplanet Survey (Alsubai et al. 2013; Alsubai et al. 2018 is a discovery from the past year); NGTS (Wheatley et al. 2018 ; recent discoveries include Bayliss et al. 2018b , Raynard et al. 2018 , and Günther et al. 2018 ; and MASCARA (Talens et al. 2017; Talens et al. 2018 is a discovery from the past year). Dedicated space missions to find transiting planets include Kepler (Borucki et al. 2010) , K2 (Howell et al. 2014) , CoRoT (Auvergne et al. 2009 ) and the recently launched TESS mission (Ricker et al. 2015) . The planets presented here contribute to our growing understanding of planetary systems in the Galaxy.
In this work we take advantage of the recent release of high-precision geometric parallax measurements for all of these objects by the Gaia mission (Gaia Collaboration et al. 2016 , 2018 . These distance measurements enable a much more precise characterization of the systems than has heretofore been possible for most such objects. The distances also allow us to confirm planetary systems for which we had previously been unable to unambiguously rule out the possibility of their being blended stellar eclipsing binary systems, and to detect possible unresolved binary star companions to the planetary host stars.
OBSERVATIONS
Figures 1 through 10 show the observations collected for HATS-60 through HATS-69, respectively. Each figure shows the HATSouth light curve used to detect the transits, the ground-based follow-up transit light curves, the high-precision RVs and spectral line bisector spans (BSs), and the catalog broad-band photometry, including parallax corrections from Gaia DR2, used in characterizing the host stars. Below we describe the observations of these objects that were collected by our team.
Photometric detection
All ten systems presented here were initially detected as transiting planet candidates based on observations by the HATSouth network. The operations of the network are described in Bakos et al. (2013) , while our methods for reducing the data to trend-filtered light curves (filtered using the method of Kovács et al. 2005 ) and identifying transiting planet signals (using the Box-fitting Least Squares or BLS method; Kovács et al. 2002) are described in Penev et al. (2013) . The HATSouth observations of each system are summarized in Table 1 , while the light curve data are made available in Table 5 .
We also searched the light curves for other periodic signals using the Generalized Lomb-Scargle method (GLS; Zechmeister & Kürster 2009), and for additional transit signals by applying a second iteration of BLS. Both of these searches were performed on the residual light curves after subtracting the best-fit primary transit models. Table 2 gives the GLS results for each target, including the peak period, false alarm probability, semiamplitude, and 95% confidence upper bound on the semi-amplitude of the highest significance periodic signal in the light curves. Here the false alarm probabilities are calculated by performing bootstrap simulations. HATS-61 shows evidence for a P = 28.54 day periodic signal with a semi-amplitude of 0.32 mmag. The false alarm probability of this detection is 10 −3.7 . This may correspond to the photometric rotation period of this 5630 ± 71 K star. The star has v sin i = 3.52 ± 0.42 km s −1 , which gives an upper limit of 24.0±3.2 days on the equatorial rotation period. The photometric period of 28.54 days is above the limit at the ∼ 1.4σ level, so would be consistent with v sin i if it has been slightly overestimated and the planet orbital axis is aligned with the stellar rotation axis, or if there is modest differential rotation and the spots are at a more slowly rotating latitude on the star. None of the other targets shows a statistically significant sinusoidal periodic signal. Table 3 gives the BLS results for additional transit signals that may be present in the HATSouth light curve of each target, including the period, transit depth, transit duration, and S/N for the top peak in the BLS spectrum. HATS-62 shows a possible transit signal with a period of 12.9395 days, duration of 0.339 days and a depth of 5.5 mmag. The S/N is a modest 7.5, which is below the threshold used in selecting transit candidates from HATSouth. Most likely this is a false alarm, though we report it here in case independent observations of this target show a similar signal. The reference mid transit time is T C = 2455099.556 BJD. None of the other objects show evidence for additional transit signals in their HATSouth light curves.
HATS-60 P=3.56d M P =0.65M Jup Color-magnitude diagram (CMD) and spectral energy distribution (SED). The top panel shows the absolute G magnitude vs. the de-reddened BP −RP color compared to theoretical isochrones (black lines) and stellar evolution tracks (green lines) from the PARSEC models interpolated at the spectroscopically determined metallicity of the host. The age of each isochrone is listed in black in Gyr, while the mass of each evolution track is listed in green in solar mass units. The filled blue circles show the measured reddening-and distance-corrected values from Gaia DR2, while the blue lines indicate the 1σ and 2σ confidence regions, including the estimated systematic errors in the photometry. The middle panel shows the SED as measured via broadband photometry through the six listed filters. Here we plot the observed magnitudes without correcting for distance or extinction. Overplotted are 200 model SEDs randomly selected from the MCMC posterior distribution produced through the global analysis. The model makes use of the predicted absolute magnitudes in each bandpass from the PARSEC isochrones, the distance to the system (constrained largely via Gaia DR2) and extinction (constrained largely via the mwdust 3D Galactic extinction model). The bottom panel shows the O−C residuals from the best-fit model SED. Figure 1 , here we show the observations of HATS-62. Note that for some observations accurate bisector spans could not be measured, but RVs could be measured. For the I2-free PFS observations we measured bisector spans, but not RVs. Table 1 continued a For HATSouth data we list the HATSouth unit, CCD and field name from which the observations are taken. HS-1 and -2 are located at Las Campanas Observatory in Chile, HS-3 and -4 are located at the H.E.S.S. site in Namibia, and HS-5 and -6 are located at Siding Spring Observatory in Australia. Each unit has 4 ccds. Each field corresponds to one of 838 fixed pointings used to cover the full 4π celestial sphere. All data from a given HATSouth field and CCD number are reduced together, while detrending through External Parameter Decorrelation (EPD) is done independently for each unique unit+CCD+field combination. b The median time between consecutive images rounded to the nearest second. Due to factors such as weather, the day-night cycle, guiding and focus corrections the cadence is only approximately uniform over short timescales. c The RMS of the residuals from the best-fit model. 
HATS-65 RVs and BSs

Spectroscopic Observations
The spectroscopic observations carried out to confirm and characterize each of the transiting planet systems are summarized in Table 4 Dekker et al. 2000) , and CY-CLOPS on the AAT 3.9 m (1 target; 3 observations; Horton et al. 2012) .
The FEROS, Coralie, HARPS and UVES observations were reduced to wavelength-calibrated spectra and highprecision RV and Bisector Span (BS) measurements using the CERES pipeline (Brahm et al. 2017a) . We also used the FEROS and UVES observations to determine high-precision stellar atmospheric parameters, including the effective temperture T eff⋆ , surface gravity log g, metallicity [Fe/H], and v sin i via the ZASPE package (Brahm et al. 2017b ). The UVES observations were used for this purpose for HATS-62, HATS-63 and HATS-66, while the FEROS observations were used for this purpose for the other seven systems. The UVES observations were obtained solely for measuring these atmospheric parameters, and were not included in the RV analysis of each system. The WiFeS observations, which were used for reconnaissance of the targets, were reduced following Bayliss et al. (2013) . For each target observed, we obtained a single spectrum at resolution R ≡ ∆ λ / λ ≈ 3000 from which we estimated the effective temperature, log g and [Fe/H] of the star. Two to four observations at R ≈ 7000 were also obtained to search for any large amplitude radial velocity variations at the ∼ 4 km s −1 level, which would indicate a stellar mass companion.
The PFS observations of HATS-62 include eight observations through an I 2 cell, and two observations without the cell used to construct a spectral template. The observations were reduced to spectra and used to determine high precision relative RV measurements following Butler et al. (1996) . Spectral line bisector spans and their uncertainties were measured as described by Jordán et al. (2014) and Brahm et al. (2017a) .
The CYCLOPS observations of HATS-62 were reduced to spectra and RV measurements following Addison et al. (2013) The high-precision RV and BS measurements are given in Table 19 for all ten systems at the end of the paper.
Photometric follow-up observations
Follow-up higher-precision ground-based photometric transits observations were obtained for all ten systems, as summarized in Andersen et al. 1995) ; and the Swope 1 m telescope at Las Campanas Observatory in Chile (one transit of one target).
Our methods for carrying out the observations with most of these facilties and reducing the data to light curves have been described in our previous papers Mohler-Fischer et al. 2013; Bayliss et al. 2013; Jordán et al. 2014; Hartman et al. 2015; Rabus et al. 2016) . The CHAT 0.7 m telescope is a newly commissioned robotic facility at Las Campanas Observatory, built by members of the HATSouth team, and dedicated to the follow-up of transit candidates, especially from HATSouth. The observations from this facility were reduced using the same pipeline that we have applied to the LCO 1 m observations (more description will be provided in Espinoza et al. 2018, in prep) . A more detailed description of this facility will be published at a future date (Jordán et al., in preparation) .
The time-series photometry data are available in Table 5, and are plotted for each object in Figures 1-10. 
Search for Resolved Stellar Companions
The Gaia DR2 catalog provides the highest spatial resolution imaging for all of these targets, except HATS-64. Gaia DR2 is sensitive to neighbors with G 20 mag down to a limiting resolution of ∼ 1 ′′ (e.g., Ziegler et al. 2018) . Table 6 lists the neighbors from Gaia DR2 that are within 10 ′′ of the planetary systems presented in this paper. For each neighbor we list the separation from the planetary system in arcseconds, and the difference in G magnitude. We also indicate whether the target is potentially a wide binary companion to the planetary host. This latter determination is based on the parallax, proper motion, and BP − RP color and G magnitude of the neighbor and the planet host. A total of eight neighbors are found within 10 ′′ of six of the systems, but all of a S/N per resolution element near 5180Å. This was not measured for all of the instruments.
b For high-precision RV observations included in the orbit determination this is the zero-point RV from the best-fit orbit. For other instruments it is the mean value. We only provide this quantity when applicable.
c For high-precision RV observations included in the orbit determination this is the scatter in the RV residuals from the best-fit orbit (which may include astrophysical jitter), for other instruments this is either an estimate of the precision (not including jitter), or the measured standard deviation. We only provide this quantity when applicable.
d We list here the total number of spectra collected for each instrument, including observations that were excluded from the analysis due to very low S/N or substantial sky contamination. c The out-of-transit level has been subtracted. For observations made with the HATSouth instruments (identified by "HS" in the "Instrument" column) these magnitudes have been corrected for trends using the EPD and TFA procedures applied prior to fitting the transit model. This procedure may lead to an artificial dilution in the transit depths. The blend factors for the HATSouth light curves are listed in Table 14 . For observations made with follow-up instruments (anything other than "HS" in the "Instrument" column), the magnitudes have been corrected for a quadratic trend in time, and for variations correlated with up to three PSF shape parameters, fit simultaneously with the transit.
d Raw magnitude values without correction for the quadratic trend in time, or for trends correlated with the seeing. These are only reported for the follow-up observations.
Note-This table is available in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.
these neighbors are too faint and/or too distant from the planetary host stars to be responsible for the transits or to have any significant impact on the system parameters. HATS-65 has a 5 ′′ neighbor with a parallax and proper motion that are consistent, within the rather large uncertainties, to those of HATS-65, and with a BP − RP color and G magnitude consistent with falling on the same isochrone. If this is a bound companion it would be an early M dwarf with a mass of ∼ 0.5 M ⊙ at a projected orbital separation of 2460±50 AU from HATS-65. None of the other neighbors identified in Gaia DR2 are compatible with being bound companions to the planetary host stars.
For HATS-64 we also have obtained z ′ -band highspatial-resolution lucky imaging observations with the Astralux Sur imager (Hippler et al. 2009 ) on the New Technology Telescope (NTT) on the night of 2015 December 23.
The observations were reduced as in Espinoza et al. (2016) and no neighbors were detected. The effective FWHM of the reduced image is 79.10 ± 5.51 mas. Figure 11 shows the resulting 5σ contrast curve. We may exclude neighbors with ∆z ′ < 3 at 0.
′′ 2, and ∆z ′ < 4.8 at 1 ′′ . Figure 11. 5σ contrast curve for HATS-64 based on our Astralux Sur z ′ observation. The gray band shows the variation in the limit in azimuth at a given radius.
ANALYSIS
We analyzed the photometric and spectroscopic observations of each system to determine the stellar and planetary parameters, basing our analysis off the methods described in Bakos et al. (2010) and Hartman et al. (2012) , but with a number of significant modifications due to the availability of a precise parallax measurement from Gaia DR2. Here we briefly summarize those aspects of the method that have been described in detail elsewhere, and then give a more detailed description of our new modifications.
Spectroscopic Parameters
High-precision stellar atmospheric parameters, including T eff⋆ , [Fe/H], log g ⋆ , and v sin i, were measured from the FEROS (HATS-60, HATS-61, HATS-64, HATS-65, HATS-67, HATS-68, and HATS-69) or UVES (HATS-62, HATS-63 and HATS-66) spectra of each target using ZASPE (Brahm et al. 2017b ). This code compares the observed high-resolution spectra to a grid of synthetic spectra only in the most sensitive spectral zones, and then uses the systematic differences between the observed spectra and best-fit model to estimate realistic parameter uncertainties.
In our previous work we combined the atmospheric parameters from ZASPE with the stellar density ρ ⋆ , determined through modeling the light curves and RV curves, to determine other parameters of the host star, such as its mass, radius, age and luminosity, by comparison with stellar evolution models. In this work we perform the comparison to stellar evolution models simultaneously with the light curve and RV curve fitting, rather than treating these as separate steps. We do, however, continue our practice of performing multiple iterations of the ZASPE analysis. In the first iteration we vary the four above-mentioned parameters. We then perform the joint modeling of the data, described in Section 3.2, which provides an isochrone-based estimate of the stellar surface gravity log g ⋆ . We use this to carry out a second iteration of ZASPE with log g ⋆ fixed to the value, to determine revised estimates of T eff⋆ , [Fe/H] and v sin i. These revised parameters are then incorporated into a second iteration of the joint modeling to arrive at our final adopted parameters for the system. The spectroscopic parameters measured for HATS-60-HATS-63 are listed, together with catalog astrometry and photometry, in Table 8. Table 9 lists these values for HATS-64-HATS-67, and Table 10 lists the values for HATS-68 and HATS-69.
Isochrone-based Joint Analysis
In our previous work we carried out a joint analysis of all available high-precision RVs (fit using a Keplerian orbit) and light curves (fit using a Mandel & Agol 2002 transit model with fixed quadratic limb darkening coefficients from Claret 2004) to measure the stellar density, as well as the orbital and planetary parameters. The fit was performed using a differential evolution Markov Chain Monte Carlo procedure (DEMCMC; ter Braak 2006). In this work we performed a similar analysis for each transiting planet system, but now including the ZASPE T eff⋆ and [Fe/H] measurements, the Gaia DR2 parallax, and the Gaia DR2 and 2MASS broad-band photometry (G, BP , RP , J, H and K S ) as observations to be modeled in the fit, together with the RV curve and light curves. The discrepancies between the predicted and measured values for each of these parameters contribute to the overall likelihood computed for a given model. To model these observations we introduce four new model parameters which are allowed to vary in the fit: the distance modulus (m − M ) 0 , the V -band extinction A V , and the stellar atmospheric parameters T eff⋆ and [Fe/H]. Table 7 lists all of the parameters that are varied in the fit, together with the assumed priors. In constructing the likelihood function we assume the observations are independent with Gaussian uncertainties. Each link in the Markov Chain yields a combination of (T eff⋆ , ρ ⋆ , [Fe/H]) which we use to determine the stellar mass, radius, log g, luminosity, and absolute magnitude in the G, BP , RP , J, H and K S bandpasses by comparison with stellar evolution models. Note that ρ ⋆ is not varied directly in the fit, but rather can be computed from the other transit and orbital parameters which are varied. These absolute magnitudes, together with the model distance modulus and polynomial relations for
, and A KS (A V ) are used to compute model values for the broad-band photometry measurements to be compared to the observations. Here we assume systematic errors of 0.002 mag, 0.005 mag and 0.003 mag on the G, BP and RP photometry, respectively, following Evans et al. (2018) . These systematic uncertainties are added in quadrature to the statistical uncertainties on the measurements listed in the Gaia DR2 catalog.
We use the PARSEC stellar evolution models (specifically PARSEC release v1.2S + CLIBRI release PR16, as in Marigo et al. 2017 ) which we generated using the CMD 3.0 web interface by L. Girardi 2 . This differs from our previous work in which we used the Yonsei-Yale (Y 2 ; Yi et al. 2001) models. We chose the PARSEC models because they have incorporated bolometric corrections for the Gaia DR2, SDSS and 2MASS bandpasses. A sequence of isochrones was generated from log(t/yr) = 6.6 to log(t/yr) = 10.13 in steps of ∆(log(t/yr)) = 0.05 for metallicities of Z =0.0001, 0.0002, 0.0005, 0.001, 0.002, 0.004, 0.006, 0.008, 0.009, 0.01, 0.014, 0.015, 0.016, 0.018, 0.02, 0.03, 0.032, 0.036, 0.04, and 0.042, where Z ⊙ = 0.0152 for these isochrones. We produced a set of isochrones both at A V = 0 and at A V = 1. Given a combination of values (T eff⋆ , ρ ⋆ , [Fe/H]) we generate a model isochrone via trilinear interpolation over these parameters in the tabulated A V = 0 models. We use the same code for this procedure that we have made use of in our previous work with the Y 2 isochrones. When a proposed link in the Markov Chain falls outside of the parameter values spanned by the models (e.g., if a star with a density greater than what is allowed by the stellar evolution models at a given temperature and metallicity is proposed) the proposed link is rejected and the previous link is retained. In this manner the fitting procedure used here forces the solutions to match to the theoretical stellar evolution models. We used the A V = 1 models to fit polynomial relations for the extinction in each bandpass as functions of A V and T eff⋆ .
We assumed uniform priors on the new model parameters (m−M ) 0 , T eff⋆ and [Fe/H] that we introduced into the fit. For A V we found that using a uniform prior often led to values that are inconsistent with the expected extinction toward the direction of the source, so we instead made use of the MWDUST 3D Galactic extinction model (Bovy et al. 2016 ) to tabulate the extinction in 0.1 kpc steps in the direction of the source. For a given (m − M ) 0 we then perform linear interpolation among these values to estimate the expected A V at that distance. We treat this expected value as a Gaussian prior, with a 1σ uncertainty of 0.025 mag for all stars which we found to be the typical discrete change in the predicted A V when moving toward nearby lines of sight.
Joint Analysis Using an Empirical Stellar Parameter Method
In addition to the method described above, we also attempted to model the observations of each target using an empirical method for determining the masses and radii of the host stars similar to that proposed by Stassun et al. (2018) . This method makes use of the Gaia DR2 parallax, the broad-band photometry and the spectroscopically determined T eff⋆ to directly determine the radius of the star, and then combines this with the density constrained from the transits to directly determine the mass of the star. We applied this method by following a similar procedure to that detailed above, except that instead of comparing a given proposed combination of (T eff⋆ , ρ ⋆ , [Fe/H]) to the theoretical stellar evolution models, we instead introduce the stellar radius as a new free parameter in the model (adopting a uniform prior on log R ⋆ ) and used a combination of (T eff⋆ , log g ⋆ , [Fe/H]) to determine the bolometric correction (reverse engineered from the PARSEC models) to apply to the bolometric magnitude to model the observed magnitude in each bandpass. This method has the benefit that it does not force the parameters of the system to agree with the theoretical stellar evolution models, which may have undetermined systematic errors, but in practice we found that for many of the systems it leads to a poor constraint on the stellar mass spanning a wide parameter range that is certainly unphysical. This is demonstrated in Table 17 where we compare the stellar masses and radii inferred for each system using the isochrone and empirical models. While the radii from both methods are comparable, the masses from the empirical modeling have uncertainties that are typically an order of magnitude larger than the mass uncertainties from the isochrone-based method.
Adopted Parameters and Comparisons to Observations
Figures 1-10 include comparisons between the broadband photometric measurements of each system and the models from our isochrone-based analysis. The plots include absolute G magnitude vs. de-reddened BP − RP color, and observed broad-band spectral energy distributions (SEDs). We find that the Gaia photometry and parallaxes, and the 2MASS photometry are consistent with the models for all ten systems.
Our final set of adopted stellar parameters derived from this analysis are listed in Table 11 for HATS-60-HATS-63, in Table 12 for HATS-64-HATS-67, and in Table 13 Our final set of adopted planetary parameters derived from the isochrone-based method are listed in Table 14 for HATS-60b-HATS-63b, in Table 15 for HATS-64b-HATS-67b, and in Table 16 for HATS-68b and HATS69b. We considered both models where the eccentricity of the planetary orbit was allowed to vary, and models where it was fixed to zero. We find that for all ten systems the observations are consistent with zero eccentricity, and we adopt the fixed circular orbit solutions. We list the 95% confidence upper limit on the eccentricity for each planet.
For two of the transiting planets (HATS-62b and HATS-69b) the measured orbital semi-amplitudes are not detected with at least 3σ confidence. For HATS62b we measure K = 17.9 ± 6.5 m s −1 , leading to M p = 0.123 +0.037 −0.052 M J , while for HATS-69b we measure K = 52 ± 28 m s −1 , leading to M p = 0.31 ± 0.17 M J . For these two planets we list the 95% confidence upper limits on their masses of M p < 0.191 M J and M p < 0.577 M J , for HATS-62b and HATS-69b, respectively. With respective radii of 1.032 ± 0.011 R J and 0.945 ± 0.022 R J , these two planets also have the smallest radii among the sample of planets presented in this paper. Based on their equilibrium temperatures, radii, and mass limits, we conclude that HATS-62b is likely an inflated hot Super-Neptune while HATS-69b may be a hot Saturn.
Ordered from least to most massive, the eight other planets have masses and radii of: 
Blend Analysis
In order to rule out the possibility that any of these objects is a blended stellar eclipsing binary system, we carried out a blend analysis of the photometric data following Hartman et al. (2012) . As for the joint analysis of the data described in Sections 3.2 and 3.3, we had to modify the procedure to account for the Gaia DR2 measurements. These modifications include incorporating the parallax and Gaia DR2 G, BP and RP broad-band photometry into the fit, using the PARSEC stellar evolution models (Marigo et al. 2017 ) in place of the older Padova models from Girardi et al. (2000) , and using the MWDUST 3D Galactic extinction model (Bovy et al. 2016 ) to place a prior on A V as we did in the joint analysis. We find that largely thanks to the strong constraint on the distance to the brightest source from the Gaia DR2 parallax, we can easily rule out blended stellar eclipsing binary models for all ten objects. Table 18 lists, for each system, the χ 2 difference between the best-fit blend models and the best-fit single star with a planet model (referred to as the H-p model) for three different blend model scenarios. The scenarios, which we label H,S-s, H,S-s BGEB , and H-p,s following the nomenclature from Hartman et al. (2009) , correspond to a hierarchical triple star system where the two fainter stars form an eclipsing binary, a blend between a bright foreground star and a fainter background eclipsing binary star system, and a bright star with a transiting planet and a fainter unresolved stellar companion. For each case we list both the total ∆χ 2 , and the contribution to ∆χ 2 from the Gaia DR2 parallax ̟. We also list the mass M 3 of the unresolved binary companion for the best-fit H-p,s model, together with the 95% confidence (∆χ 2 = 3.84) upper limits on the mass and luminosity ratio L 3 /L 1 for any binary companion. We find that both the H,S-s and H,S-s BGEB blend scenarios can be rejected for most of the systems based on their fit to the light curves, broad-band photometry, parallax and atmospheric parameters. In most cases the Gaia DR2 parallax provides a significant contribution to the total ∆χ 2 . In these cases the combined light from any blend of stars capable of fitting the photometry requires the brightest source to be at a greater distance than is measured. In three cases (HATS-60, -63 and -68) the blended eclipsing binary models cannot be rejected with at least 5σ confidence based on the abovementioned observations. In these cases we are able to reject the blended eclipsing binary scenarios based on their inability to reproduce the observed RV and/or BS variations. We arrive at this conclusion by simulating the expected spectroscopic CCF of each blend model that we tested, and using this to estimate the expected variation in the RVs and BS values. We note that blended eclipsing binary models are also inconsistent with the observed RV variation and/or lack of BS variations for the other seven systems as well. We conclude that all ten systems contain transiting planets, and that none of them are blended stellar eclipsing binary objects. While we are able to rule out blended stellar eclipsing binary scenarios for all ten of the systems, we are not able to rule out the H-p,s scenario (i.e., a transiting planet system with an additional unresolved stellar companion) for any of these systems. In fact, for three of the objects (HATS-62, -64 and -65) the H-p,s scenario provides a sufficient improvement to χ 2 to suggest that unresolved stellar companions may be present. For HATS-62 the best-fit model has a companion of mass 0.45 M ⊙ leading to an improvement in χ 2 of 16.3. In this case the planet host has a mass and radius that are larger by 0.12% and 0.70%, respectively, while the planet has a radius that is larger by 1.7%. The RVs would be slightly diluted as well, leading to an underestimate of the planetary mass at a similar fractional level. For HATS-64 the best-fit model has a companion of mass 1.01 M ⊙ which improves χ 2 by 8.1. In this case the host has a mass that is larger by 0.32% and the radius is smaller by 2.3%. The planet has a radius that is larger by 9.0%. Note that in this case the companion star has ∆z = 2.3 with respect to the host star. Given the limits on resolved companions based on our Astralux observations of this star (Figure 11) , such a companion would need to be within ∼ 0.
′′ 1 of the host star, or ∼ 100 AU. For HATS-65 the best-fit model has a companion of mass 0.53 M ⊙ leading to a reduction in χ 2 of 11.4. The planet host has a mass and radius that are smaller by 0.12% and 1.3%, respectively. The planet would have a radius that is smaller by 2.4%. Although the best-fit H-p,s model yields a transit depth that is ∼ 0.6 mmag shallower than the H-p model, this appears to be balanced by changes to the systematic trend model so that the resulting model provides an indistinguishable fit to the light curves. Given the relatively modest improvement in χ 2 , and the possibility of systematic uncertainties in the predicted Gaia DR2 broad-band photometry from our interpolation of the PARSEC isochrones, we do not claim definitive evidence for stellar companions in these systems. Clear evidence for companions could be obtained through higher spatial resolution imaging, continued RV follow-up, or perhaps through astrometric variations detected in future Gaia data releases. For all systems we place upper limits on the mass and luminosity ratio of any unresolved stellar companion. Except for HATS-61 and HATS-64, we are able to exclude companions with luminosities greater than 10% that of the planetary host, and in some cases we can even exclude companions with luminosities as low as 1% that of the host. The estimated physical parameters of the planet and host would thus be only modestly affected if a stellar companion were detected. For HATS-61 and HATS-64 brighter companions could still be present, potentially leading to substantial changes in the estimated parameters.
DISCUSSION
We have presented the discovery of ten new transiting planet systems from HATSouth. The planets are shown on mass-radius, equilibrium temperature-radius, and semimajor axis-mass diagrams in Figure 12 . We compare the newly discovered planets to the sample of previously discovered transiting planets as listed in the NASA Exoplanet Archive as of 2018 Aug 8. The newly discovered planets follow the well-established trends, though some are expanding slightly the envelopes of points in these diagrams.
With a mass of 0.123
−0.052 M J (< 0.191 M J 95% confidence upper limit) and a radius of 1.032 ± 0.011 R J , HATS-62b is the largest radius Super-Neptune found to date. The next two least massive planets known with radii larger than Jupiter are WASP-127 (M p = 0.18±0.02 M J , R p = 1.37±0.04 R J ; Lam et al. 2017 ) and KELT-11 (M p = 0.195 ± 0.019 M J , R p = 1.37 ± 0.15 R J ; Pepper et al. 2017) . It is perhaps not a coincidence that this large radius Super-Neptune is also located near the lower envelope of close-in gas giant planets in the semimajor axis-mass diagram shown in Figure 12 . This envelope marks the upper edge of the sub-Jovian desert (e.g., Mazeh et al. 2016) , and may trace the tidal disruption limit of gas giants undergoing high-eccentricity migration (Owen & Lai 2018) . The probable hot Saturn HATS-69b also lies along this boundary in the semimajor axis-mass diagram, though its radius is not exceptional for its mass.
With an equilibrium temperature of 2196 ± 22 K, HATS-67b is among the most highly irradiated hot Jupiters known. Not surprisingly, it is also highly inflated with a radius of 1.694 ± 0.058 R J .
The planet HATS-66b is a massive Super-Jupiter with M p = 5.5 ± 1.4 M J . Such planets are relatively rare. There are only 20 transiting planets listed in the NASA Exoplanet Archive more massive than HATS-66b. Recently Schlaufman (2018) has argued, based on the absence of a correlation between occurrence and host star metallicity, that objects with M p > 4 M J may have formed through disk instability rather than core accretion. Objects with 4 M J < M p < 10 M J may thus be more related to brown dwarfs than to planets. HATS-66b orbits a solar-metalicity star with [Fe/H]= 0.000 ± 0.044. HATS-66b has a rather large radius of 1.50 ± 0.11 R J for a planet of its mass, which is in line with its high equilibrium temperature of 1999 ± 42 K. The planet HATS-61b is a M p = 3.40±0.12 M J SuperJupiter on a relatively long period orbit of 7.817954 ± 0.000021 days. This is the second longest period planet announced so far by HATSouth. The host star is relatively old (8.93 ± 0.34 Gyr) and beginning to evolve off the main sequence, with a current luminosity that is ∼ 2.7 times greater than what it would have been at the zero-age main sequence (ZAMS). Thus, despite its relatively long period, the planet is expected to be hot with an estimated equilibrium temperature of 1226.9 ± 6.7 K. The 1.201 +0.044 −0.063 R J radius of the planet is consistent with the observed equilibrium-temperature-radius correlation (e.g., the empirical relation from Enoch et al. 2012 , yields a predicted radius of 1.12 ± 0.11 R J ). If the equilibrium temperature were adjusted to the expected value at ZAMS (assuming the same semimajor axis), the radius of the planet would be near the upper boundary in the equilibrium-temperature-radius relation (the predicted radius based on the Enoch et al. 2012 relation would be 1.02 ± 0.11 R J ). HATS-61b is potentially a re-inflated super-Jupiter which is dynamically increasing in size as its host becomes more luminous (Lopez & Fortney 2016; Grunblatt et al. 2016; Hartman et al. 2016) . However, given the intrinsic scatter in planetary radius at fixed temperature and mass, this conclusion is by no means definitive.
The planet discoveries presented here are among the first discoveries from HATSouth to take advantage of the high-precision parallax measurements provided by Gaia DR2. This has enabled much more precise characterizations of the planetary host stars than would be possible otherwise. For the 10 systems presented in this work, the median relative precision of the stellar radius is 1.9% (c.f., 5.6% for previous HATSouth discoveries that did not incorporate Gaia DR2 into their analyses), the median relative precision of the stellar mass is 1.7% (c.f., 3.9% for previous HATSouth discoveries), and the median relative precision of the planetary radius is 3.5% (c.f., 6.6% for previous HATSouth discoveries). The precision of the planetary masses, however, is still limited by the RV observations.
In order to make use of the Gaia DR2 observations we have made a number of significant modifications to our analysis procedures. These include incorporating the stellar isochrone look-up directly into the Markov Chain Monte Carlo joint modeling of the transiting planet observations, applying a prior on the interstellar extinction using a 3D Galactic dust model, and making use of the PARSEC stellar models in place of the older YY models. We have also tried to apply the purely empirical stellar modelling procedure of Stassun et al. (2018) to the data, but find that our constraints on the stellar density are too poor, given the present ground-based photometry, to provide a reasonably precise determination of the stellar masses.
The Gaia DR2 observations also allow us to identify three systems as showing suggestive evidence for the presence of an unresolved binary star companion to the planetary host star. Additional high-resolution imaging, and long-term RV monitoring would be needed to confirm these companions if they are present.
Nine of the ten planets presented here are expected to be observed by the NASA TESS mission during the upcoming year. It is unknown at this time which, if any, of these systems will be observed at two minute cadence, but any object within the field of view will at least be observed through the full frame images. These data will enable more precise measurements of their orbital inclinations, stellar densities, and planetary radii, and may enable the discovery of additional transiting planets in these systems. It may also be possible to measure photometric rotation periods for the host stars if they are active, and if they have periods that are shorter than the timespan of the observations. The only system that will not be observed by TESS is HATS-65, which is at ecliptic coordinates λ = 291.07
• , β = −7.96
• , and will likely fall in the gap between sectors 1 and 13 of the primary mission. Two of the planets are located within sector 1 of the mission, which is currently being observed at the time of writing. HATS-61, HATS-66 and HATS-68 are expected to be observed in two sectors, and receive 54 days of continuous coverage, while the other systems will be observed in only one sector, and receive 27 days of coverage. , ArXiv e-prints, arXiv:1802 ter Braak, C. J. F. 2006, Statistics and Computing, 16, 239 Wheatley, P. J., West, R. G., Goad, M. R., et al. 2018, MNRAS, 475, 4476 Yi, S., Demarque, P., Kim, Y.-C., et al. 2001 , ApJS, 136, 417 Zacharias, N., Finch, C. T., Girard, T. M., et al. 2013 , AJ, 145, 44 Zechmeister, M., & Kürster, M. 2009 , A&A, 496, 577 Zhou, G., Bakos, G.Á., Hartman, J. D., et al. 2017 , AJ, 153, 211 Ziegler, C., Law, N. M., Baranec, C., et al. 2018 , ArXiv e-prints, arXiv:1806 0 We only show planets with definite mass measurements and with nonzero values for the semimajor axis and equilibrium temperature in the database. We also exclude planets with large uncertainties on their equilibrium temperature or semimajor axis. In the middle panel we only show planets with measured masses greater than 0.1 MJ. HATS-62b stands out in the mass-radius diagram as an object that is located along the upper envelope of points. It is the least massive planet discovered to date with a radius larger than that of Jupiter. HATS-62b and HATS-69b stand out in the semimajor axis-mass diagram as being located along the lower envelope of points delineating the so-called sub-Jovian desert (e.g., Mazeh et al. 2016) . Note-The listed parameters are those determined through the joint differential evolution Markov Chain analysis described in Section 3.2. For all four systems the fixed-circular-orbit model has a higher Bayesian evidence than the eccentric-orbit model. We therefore assume a fixed circular orbit in generating the parameters listed here. b Reciprocal of the half duration of the transit used as a jump parameter in our MCMC analysis in place of a/R⋆. It is related to a/R⋆ by the expression ζ/R⋆ = a/R⋆ (2π(1 + e sin ω))/(P 1 − b 2 1 − e 2 ) (Bakos et al. 2010 ).
c Scaling factor applied to the model transit that is fit to the HATSouth light curves. This factor accounts for dilution of the transit due to blending from neighboring stars and over-filtering of the light curve. These factors are varied in the fit, with independent values adopted for each HATSouth light curve. The factors listed for HATS-61, HATS-62 and HATS-63 are for the G548.4, G582.1 and G597.2 light curves, respectively. For HATS-60 we list the factors for the G537.3 and G537.4 light curves in order.
d Values for a quadratic law, adopted from the tabulations by Claret (2004) according to the spectroscopic (ZASPE) parameters listed in Table 8 .
e The 95% confidence upper limit on the eccentricity determined when √ e cos ω and √ e sin ω are allowed to vary in the fit.
f Term added in quadrature to the formal RV uncertainties for each instrument. This is treated as a free parameter in the fitting routine. In cases where the jitter is consistent with zero, we list its 95% confidence upper limit.
g Correlation coefficient between the planetary mass Mp and radius Rp estimated from the posterior parameter distribution.
h The Safronov number is given by Θ = 1 2 (Vesc /V orb ) 2 = (a/Rp )(Mp /M⋆ ) (see Hansen & Barman 2007) .
i Incoming flux per unit surface area, averaged over the orbit. Note-We follow the convention of Hartman et al. (2009) in referring to different blend scenarios. H,S-s corresponds to a hierarchical triple star system where the two fainter sources form an eclipsing binary. H,S-s BGEB is a blend between a bright foreground star and a fainter background eclipsing binary star system. H-p,s is a bright star with a transiting planet and a fainter unresolved stellar companion. The ∆χ 2 values provided are the difference in χ 2 between the best-fit model of each type and the best-fit H-p model, corresponding to a single star with a transiting planet. We list both the total ∆χ 2 , and the contribution to ∆χ 2 from the parallax ̟. The rejection of blended eclipsing binary scenarios for each of these systems is discussed in Section 3.5.
a The mass of the contaminating unresolved stellar companion for the best-fit H-p,s model. b 95% (∆χ 2 = 3.84) confidence upper limit on the mass of the contaminating unresolved stellar companion for the H-p,s model. c 95% (∆χ 2 = 3.84) confidence upper limit on the ratio of the luminosity of the contaminating unresolved stellar companion to the luminosity of the planet host for the H-p,s model. 
